Thin film membranes for molecular separations by Livingston, Andrew
Engineering Conferences International
ECI Digital Archives
Separations Technology IX: New Frontiers in
Media, Techniques, and Technologies Proceedings
3-9-2017
Thin film membranes for molecular separations
Andrew Livingston
Imperial College London, London SW7 2AZ UK, a.livingston@ic.ac.uk
Follow this and additional works at: http://dc.engconfintl.org/separations_technology_ix
This Abstract and Presentation is brought to you for free and open access by the Proceedings at ECI Digital Archives. It has been accepted for inclusion
in Separations Technology IX: New Frontiers in Media, Techniques, and Technologies by an authorized administrator of ECI Digital Archives. For
more information, please contact franco@bepress.com.
Recommended Citation
Andrew Livingston, "Thin film membranes for molecular separations" in "Separations Technology IX: New Frontiers in Media,
Techniques, and Technologies", Kamalesh K. Sirkar, New Jersey Institute of Technology, USA Steven M. Crame, Rensselaer
Polytechnic Institute, USA João G. Crespo, LAQV-Requimte, FCT-Universidade Nova de Lisboa, Caparica, Portugal Marco Mazzotti,














• Water processing ‐ Desalination – Reverse Osmosis (RO) dominates the 
market over multiple effect evaporation (high energy).










4 Stable in non‐polar solvents such as toluene, heptane, ethyl
acetate (Steve White and colleagues)
 Largest industrial success so far has been W.R. Grace’s lube oil
dewaxing process at ExxonMobil Beaumont Refinery using
polyimideOSN membranes (operational in 2001)
• Capacity 11,000 m3 d‐1 solvent
• Project cost $6 million in 2000






 Achieve chemical stability in solvents, including in acidic and
basic organic solutions, and at high T
 Enhance permeance to reduce required membrane area
 Reduce flux decline over service lifetime (aging, fouling)
 Improve separation accuracy
 OSN System Engineering
 Membrane transport modelling
 Improve separation accuracy
 Process simulation and modelling
 Concentration polarisation and module design



















































2010 Evonik Acquisition of MET Ltd2007‐2008MET Ltd






 OSN is an emerging technology in the large scale refining and
chemicals sector
 In this sector, plants may cost > £1 million, and membrane
replacement may average > £0.2 million per annum
 Since plants are high capital cost, and since membrane
replacement costs and downtime costs are signifciant,
applications in this sector have been characterised by long
pilot testing periods
 For example, development of MaxDewaxTM started in 1993,
plant finally installed in 1999.
 Applications in this sector are likely to have a major long term

































Constant Volume Diafiltration  separate model API (yellow dye, MW=274) from






























Annealing for 30 min       MWCO curves for PS/toluene at 30 bar
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Y.H. See-Toh et. al., JMS, 299 (2007) 236-250
Physical Aging ‐ Integrally Skinned Asymmetric Membranes
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High temperature cross-flow rig
A: HPLC pump; B: hot stirring plate;
C: cross-flow cell; P: pressure gauge;
T: thermocouple;






• Membrane becomes looser with temperature but it is partially
reversible after cooling down.
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S. Karan, Z. Jiang, A. Livingston 
Science 348, 1347, 2015.
Approach Further increase permeance ‐ design nanofilms at a molecular level to enhance porosity
• Nanofilms of highly crosslinked polymer networks can achieve high flux.
• Interfacial polymerization (IP) can provide very thin network nanofilms.
• Introduce contorted monomers during the IP to enhance porosity in
the polymer network.
• Compare performance and properties of nanofilms and polymer
powders made via IP using contorted or planar monomers.
Spiro Cardo planar (controls)
Polymer nanofilms with engineered microporosity by 
interfacial polymerisation







RES       
Polymer nanofilms with engineered microporosity by 
interfacial poymerisation























PEEK membrane after two months use in
the continuous Heck reaction in DMF at
800C and 1.5 eq. (0.9 M) NEt3 ‐ the
membrane seems stable
Commercial membrane DM 300 after
use in continuous Heck reaction in DMF
at 800C and 1.5 eq. (0.9 M) NEt3 ‐ the
membrane is completely destroyed
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• Aging and Fouling
• Concentration polarisation
• Osmotic pressure
• Hydrodynamics
OSN ‐ Speedy membranes, fast processes?
Concentration polarisation and osmotic pressure
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OSN – Speedy Membranes, Fast Processes?
Spiral Wound Modules
Pure Ethyl Acetate
Shi B et al Journal of Membrane Science (2015) 494  pp 8‐24.
OSN – Speedy Membranes, Fast Processes?
Spiral Modules and Concentration Polarisation
Sucrose Octaacetate in Ethyl Acetate
30 bar / 30oC/10wt%/k = 5 x 10‐5 m s‐1
OSN – Speedy Membranes, Fast Processes?
Process time for concentration of solute
Sucrose Octaacetate in Ethyl Acetate
30 bar / 30oC / k = 5 x 10‐5 m s‐1
80L@10wt%
20L@40wt%
Shi B et al Journal of Membrane Science  525 (2017) pp 35‐47.
Increasing OSN 
permeance beyond 
about 10 L m‐2 h‐1
bar‐1 will not speed 
up concentration 
process
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Concluding Remarks
Challenges for Molecular Separations in Organic Systems
QUO VARDIS?
 There is a “useful permeance” above which further permeance
increases will not lead to faster or more compact processes
 The”useful permeance” is system specific but for OSN is around 
10 L m‐2 h‐1 bar‐1
 Once useful permeance is achieved, further materials innovations 
that would result in better processes are in the areas of
 More accurate separations
 Better in service lifetime performance (aging, fouling)
 Improved chemical stability
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